FGCS Specifications and Procedures to |Incorporate
El ectronic Digital/Bar-Code Leveling Systens*
3.5 Geodetic Leveling

Geodetic leveling is a neasurenent system conprised of elevation differences
observed between nearby rods. Ceodetic leveling is used to extend vertical control

Net wor k Geonetry

Or der First First Second Second Third
Cl ass | Il | Il

Bench mark spaci ng not
nore than (km 3 3 3 3 3

Aver age bench mark spacing
not nmore than (km 1.6 1.6 1.6 3.0 3.0

Line I ength between network
control points not nore
than (km 3002 1002 502 502 25b

M ni mrum bench mark ties 6 6 4 4 4

a Electronic Digital/Bar-Code Leveling Systenms, 25 km
b El ectronic Digital/Bar-Code Leveling Systens, 10 km

As specified in above table, new surveys are required to tie to existing network
bench marks at the beginning and end of the leveling line. These network bench marks nust
have an order (and class) equivalent to or better than the intended order (and class) of
the new survey.

First-order surveys are required to performvalid check connections to a m ni mum of
si x bench marks, three at each end. All other surveys require a mninmmof four valid
check connections, two at each end.

A valid "check connection" nmeans that the observed el evation difference agrees with
t he published adjusted el evation difference within the tolerance linmt of the new survey.
Checking the el evation difference between two bench marks | ocated on the same structure,
or so close together that both may have been affected by the same |ocalized disturbance,
is not considered a proper check

In addition, the survey is required to connect to any network control points within
3 kmof its path. However, if the survey is run parallel to existing control, then the
follow ng table specifies the maxi mum spaci ng of extra connections between the survey and
the existing control

When using Electronic Digital/Bar-Code Leveling Systens for area projects, there
nmust be at |east 4 contiguous |oops and the | oop size nmust not exceed 25 km (Note: This
speci fication nay be anmended at a future date after sufficient data have been eval uat ed
and it is proven that there are no significant uncorrected systematic errors remaining in
El ectronic Digital/Bar-Code Leveling Systens.)

*Since these specifications and procedures are considered interim NGS
anal yses of the data will be the final determnation if the data meet the
desired FGCS order and cl ass standards. The procedures nust be foll owed
exactly as prescribed, unless witten pernission is obtained fromthe FCGCS
Met hodol ogy Work Group Chairman. These interimspecifications and procedures
are currently being reviewed by the FGCS Met hodol ogy Work G oup.
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Surveys Run Parallel to Existing Control Network

Di stance, survey Maxi mum spaci ng of

to control network extra connections (km
| ess than 0.5 km 5

0.5 kmto 2.0 km 10

2.0 kmto 3.0 km 20

I nstrunent ati on

Or der First First Second Second Third
Cl ass | 11 I Il

Level i ng i nstrunent

M ni mum repeatability of

line of sight 0.25"¢ 0.25"¢ 0.50"¢ 0.50"¢d 1. 00"

Leveling rod construction | DS? | DS9 | DS® I SS Wood or
or |ISS Met al

Instrunent and rod resol ution

(conbi ned)
Least count (nm 0. 1¢ 0.1¢ 0.5-1.0¢f 1.0d 1.0d
IDS -- Invar, double-scale
ISS -- Invar, single-scale

¢ For Electronic Digital/Bar-Code Leveling Systems, 0.40" and 0.01 nm

d For Electronic Digital/Bar-Code Leveling Systens, 0.80" and 0.1 mm

e |f optical micronmeter is used.

f1.Omif 3-wire method; 0.5 mmif optical mcroneter.

9 For Electronic Digital/Bar-Code Leveling Systens, |nvar, single-scale.

Leveling rods nust be one piece. A turning point consisting of a steel turning pin
with a driving cap should be utilized. |If a steel pin cannot be driven, then a turning
plate ("turtle") weighing at |east 7 kg should be substituted. |In situations allow ng
neither turning pins nor turning plates (sandy or marshy soils), a |ong wooden stake with
a doubl e- headed nail should be driven to a firm depth.

According to at |east one manufacturer's specifications, the electronic digital

| eveling instrunent should not be exposed to direct sunlight. The nmanufacturer reconmmends
using an unbrella in bright sunlight.
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Cal i brati on Procedures

Or der First First Second Second Third
Cl ass I I I I

Leveling instrunent

Maxi mum col | i mati on error
single line of sight (nmmm 0.05 0. 05 0. 05 0. 05 0.10

Maxi mum col | i mation error

reversi bl e conpensator-type

i nstruments, nean of two

lines of sight (mMminm 0. 02 0. 02 0. 02 0. 02 0. 04

Time interval between collimtion
error determ nations not

| onger than (days)

Rever si bl e conpensat or 7 7 7 7 7
O her types 1 1 1 1 7"

Maxi mum angul ar di fference
bet ween two |ines of sight,
reversi bl e conpensat or 40" 40" 40" 40" 60"

Leveling rod

M ni mum scal e cal i bration _ _ _
standard N N N M M

Time interval between
scal e calibrations (yr) 3 3 -- -- --

Level ing rod bubble
verticality maintained

to within 10' 10 10 10 10

N -- U S. National standard
M -- Manufacturer's standard

h For Electronic Digital/Bar-Code Systens, collimation error determ nations are
requi red at the beginning of each day (0.05 mi m = 10 arc seconds). Collimation
data nust be recorded with the leveling data and the daily updated val ue nust be
used during the daily data capture

' For Electronic Digital/Bar-Code Rods, until the U S. National Standard Testing
Procedure is inplenented, manufacturer's scale calibration standard is acceptable,
provi ded the data used during the calibration are furnished in digital format.

Conmpensator-type instruments should be checked for proper operation at |east every 2
weeks of use. Rod calibration should be repeated whenever the rod is dropped or damaged
in any way. Rod |evels should be checked for proper alignnent once a week. The
manuf acturer's calibration standard should, as a m nimum describe scal e behavior with
respect to tenperature.
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Fi el d Procedures

Or der First First Second Second Third
Cl ass I I I I

M ni mal observati on

met hod mcrom mcrom mcrom 3-wirel center
eterl eteri eterl or Wi r el
3 wire
Secti on runningk DR, DR, DR DR DR
DS, or DS, or
MDS MDS

Di fference of forward
and backward sight
| engt hs never to exceed

per setup (m 2 5 5 10 10
per section (m 4 10 10 10 10
Maxi num si ght Ilength (m' 50 60 60 70 90

M ni mum ground cl earance
of line of sight (m 0.5 0.5 0.5 0.5 0.5

Even nunber of setups

when not using |eveling

rods with detail ed

cal i bration yes yes yes yes ---

Det erm ne tenperature

gradient for the vertica
range of the |ine of sight

at each setup yes yes yes - N

Maxi mum secti on
m scl osure (nm 3%D 4%D 6%D 8%D 12%D

Maxi mum | oop
m scl osure (nm 4%E 5%E 6%E 8%E 12%E

3-wire net hod

Readi ng check (difference
bet ween top and bottom
i nterval s) for one setup

not to exceed (tenths of
rod units) --- --- 2 2 3

Read rod 1 first in
alternate setup nethod --- --- yes yes yes
M croneter single-
di ff erence net hod
Readi ng check (difference
bet ween | ow and hi gh scal e)
for one setup not to exceed
(mcrometer units) --- --- 3 4 5

Read rod 1 first in
alternate setup nethod --- --- yes yes yes

(conti nued)
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Field Procedures (continued)

Or der First First Second Second Third
Cl ass I I I I

El ectronic Digital/Bar-Code
nmet hod

ah, - 2h, for one setup
not to exceed (nm for
MDS procedure 0. 30 0. 30 0. 60 0.70 1.30

Use nul tiple reading

option to obtain each

observation - m ni mum

nunber of readi ngs™ 3 3 3 3 3

Doubl e-scal e rods,
DS procedure

Low hi gh scal e el evation
di fference for one setup

not to exceed (M
Wth reversible

conpensat or 0.40 1.00 1.00 2.00 2.00
Ot her instrunment types:
Hal f -centineter rods 0.25 0.30 0. 60 0.70 1.30
Ful | -centineter rods 0. 30 0. 30 0. 60 0.70 1.30
DS -- Doubl e Sinultaneous procedure; see sumuary of observing sequences

MDS - Modified, Double Sinultaneous procedure; see sumrary of observing sequences

DR -- Doubl e- Run
SP -- SPur, nust be |less than 25 km nust be doubl e-run

D --- shortest one-way length of section in km
E --- length of loop in km

I Electronic Digital/Bar-Code nethod permtted.

kK For establishing a height of a new bench mark, double-run procedures nust be used.

Si ngl e-run nmethods can be used to relevel existing work provided the new work
nmeets the all owabl e section m sclosure.

' Maxi mum sight length permtted unless the nmanufacturer recommends a maxi mum si ght
I ength which is |ess.

m|f the standard devi ati on exceeds 0.1 mm continue making readings until it is
|l ess than 0.1 mm or repeat observation

Doubl e-run | evel ing may al ways be used, but single-run |eveling procedures can only
be used where it can be eval uated using published height values, i.e., the difference in
publ i shed hei ght val ues can be substituted for the backward running. DS and MDS
procedures are reconmended for all single-run leveling, but single-difference procedures
are permtted.

Rods nmust be | eap-frogged between setups (alternate setup method). The date,
begi nning and ending tinmes, cloud coverage, air tenperature (to the nearest degree),
tenperature scale, and average wi nd speed should be recorded for each section, plus any
changes in the date, instrunmentation, observer, or tine zone.

When using the DS and MDS procedures, the instrunent need not be off |evel ed/
rel evel ed between observing the high and | ow scal es when using an instrument with a
reversi bl e conpensator. The | ow high scale difference tolerance for a reversible
conpensator is used only for the control of blunders.
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Summary of Observing Sequences

(Required for first-order; optional for other orders)

DS Procedures MDS Procedur es
Wth doubl e-scal e rods, Wth bar-coded scal e rods,
the follow ng observing the follow ng observing
sequence shoul d be used: sequence shoul d be used
backsi ght, | ow scale backsi ght

backsi ght, stadia backsi ght di stance, standard error
foresight, |lowscale f oresi ght
foresight, stadia foresight, distance, standard error
of f-1evel/rel evel or of f-l1evel/rel eve

reverse conpensator
foresight, high-scale foresight, standard error

backsi ght, high-scale backsi ght, standard error

O fice Procedures

Or der First First Second
Cl ass I Il

Second Third

Section nisclosures

(backward and forward)

Al gebrai c sum of al
corrected section m sclosures
of a leveling line

not to exceed (nmm 3%L 4%L 6%L 8%L 12%L
Section m scl osure

not to exceed (nmm 3%D 4%D 6%D 8%D 12%D
Loop m scl osures
Al gebrai c sum of al

corrected nisclosures

not to exceed (nmm A%E 5%E 6%E 8%E 12%E
Loop m scl osure

not to exceed (nmm A%E 5%E 6%E 8%E 12%E
L -- shortest one-way |length of leveling line in km

D -- shortest one-way |length of section in km

E -- length of loop in km

The normalized residuals froma mninmally constrai ned | east squares adjustnent will
be checked for blunders. The observation weights will be checked by inspecting the post
adj ustment estimate of the variance of unit weight. Elevation difference standard errors
conputed by error propagation in a correctly weighted | east squares adjustnent will
i ndicate the provisional accuracy classification. A survey variance factor ratio will be
conmputed to check for systematic error. The |least squares adjustnent will use nodels that

account for: _ _
gravity effect or orthometric correcti

rod scale errors
rod (Invar) tenperature

on

refraction--need | atitude and | ongitude accurate to at |east 6"
or (preferably) vertical tenperature difference observations
between 0.5 and 2.5 m above the ground

earth tides and magnetic field
collimation error"
crustal nption

" For Electronic Digital/Bar-Code Leveling Systens,

collimation data must be
recorded with leveling data and updated val ue nust be used during data capture
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